Abstract In this article we argue and give evidence that the research on group recommender systems must look more carefully at the dynamics of group decisionmaking in order to produce technologies that will be truly beneficial for groups. We illustrate the adopted research method and the results of a user study aimed at observing and measuring the evolution of user preferences and interaction in a tourism decision-making task: finding a destination to visit together as a group. We discuss the benefits and caveats of such an observational study method and we present the implications that the derived data and findings have on the design of interactive group recommender systems.
Introduction
Recommender systems for groups are becoming more and more important since many information needs arise in group and social activities such as listening to music, watching movies, traveling, attending social events, and many more. The importance of group recommender systems (GRSs) also has increased due to the social web, where users are not isolated but form interrelated groups of different sizes and compositions. A high number of papers on GRSs have been published (Masthoff 2015) but still, we believe, there is a gap between the current main focus of the research on GRSs and the information search and decision-making support needs of groups.
Research on GRSs often focuses on the core recommendation algorithms, which are based on a preference aggregation strategies. A preference aggregation strategy dictates how to combine individual preferences, which may be conflicting, into a group profile or in a set of recommendations. According to Arrow's theorem, a unique, optimal, aggregation strategy does not exist-and GRSs studies also confirmed that there is no ultimate winner. On a wider perspective, there are only a few studies that concentrate on the full problem of how to design decision/ negotiation support functionalities in GRSs: Travel Decision Forum (Jameson 2004) , Trip@dvice (Bekkerman et al. 2006) , Collaborative Advisory Travel System (CATS) (McCarthy et al. 2006) , Choicla (Stettinger et al. 2015) . However, to our best knowledge, by now, no observational study of group decision processes in the context of GRSs, beside the one described in this paper, has been conducted. In fact, observational studies are usually conducted in the social disciplines. In Tindale and Kameda (2000) the importance of the discussion process, especially with respect to the information that is shared among group members is emphasized. An extensive overview of studies on group dynamics and the influence of several different aspects (e.g., group composition, group decision process structure, etc.) on the group choices is presented in Forsyth (2014) .
The main motivation of this paper is to introduce a new type of studies to GRSs research: observing groups in naturalistic settings. In fact, we believe that the design of novel and more effective GRSs can be initiated if one better observes and understands groups in actions, measures their behaviors, and tries to identify concrete opportunities for computerized systems to become more useful to people. Therefore, in this paper we will illustrate the design, the outcome and the implications of an observational study where groups of people faced a concrete decision task-select a destination to visit as a group-and the researchers monitored the groups before, during and after the task. Moreover, to support our claims on the importance of such observational studies for GRSs, we present the results of several analyses of the collected data and we provide new insights into group decision-making and group preference construction. More precisely, our study has a wide range of motivations, that we list in the following.
• Supporting decision-making process is the ultimate motivation for a recommender system. This functionality is even more important in GRSs than for single-user recommenders, which can also be used for other reasons, such as, expanding user knowledge or expressing oneself . But, if group recommenders must effectively support decision-making process, we must understand how this task is executed in groups and how the decision issues, the group members and the contextual situation altogether impact on it.
• We also believe that the application domain is a crucial factor that must be considered in the design of a GRS. Recommending tourist attractions or destination for a group cannot follow the same interaction and recommendation model used for suggesting movies to watch (Werthner and Ricci 2004) . In fact, the tourism product is more complex than other types of products (e.g., it is a bundle of products and services) and at the same time it is less tangible. Moreover, traveling is an emotional experience and explicit preference characterization is problematic especially in the early phase of the travel decision-making process. Finally, tourism products are typically experienced in groups. For these reasons, we have tried to generate a realistic decision task, i.e., destination selection, in which the study participants could easily imagine themselves. In this scenario, we made observations of users' characteristics and decision outcome that have emerged as important in tourism consumer behavior research (Delic et al. 2016c; Fernández-Tobía 2016; Werthner et al. 2015; Yiannakis and Gibson 1992 ).
• Group recommendations techniques have been influenced too strongly by social choice theory (Masthoff 2015) and not enough by group dynamics studies (Forsyth 2014) . It is still unclear how a recommender can identify items to suggest in a group decision-making task, if the goal is not simply to aggregate the votes/preferences expressed by the group members. Hence, we believe that studies like the presented one can help to understand the key information that groups need in order to make decisions, which could not simply be the suggested outcome of the decision. We believe that the more general concept of information recommendation-which information to provide to the group next-rather than product recommendation, is important to implement Blanco and Ricci (2013) .
• It is clear to us that the design of more effective GRSs requires a multidisciplinary approach. In that sense the study described in this paper brings together social and computer science disciplines. Observational studies are not part of the classical research repertoire of recommender systems research methods. However, we believe that these methods are now strictly required if we want to understand users in naturalistic settings and be able to generate fruitful conjectures about new and useful system functions to be added in a GRS.
• Another important motivation of this study is the desire to collect data about group decision-making process that can be exploited by several research groups. Hence, in some sense, an additional goal was to obtain raw data that could be used for different types of analyses, from different perspectives and with alternative motivations. We plan to make the data that we have collected, and that will also be collected in future implementations of the study, available to everyone for further analyses. This objective is of crucial importance for the research in GRSs, since one of the greatest obstacles for making advancements in the field is the lack of datasets that comprise information about groups, their choices and behaviors.
• Finally, we believe that the research community on GRSs needs to discuss and build a research agenda. We must identify critical challenges and expected results. In this study we initiate this reflections by raising several issues, e.g., how to measure the collective behavior of a group, what properties of a group are more important in recommender systems and how they should be measured, how to define group satisfaction, how to compare and relate user preferences and group preferences.
Thus, the main result of this paper is the design of an experimental method for observing group decision-making process and for deriving observational data useful for the implementation of GRSs in the tourism domain. In order to demonstrate the importance of such a method and potential benefits for the further development of GRSs, we illustrate the results obtained by several different analyses of which some were previously published (Delic et al. 2016b . Moreover, we provide qualitative insights into the group decision-making processes adopted by the study participants. The paper is concluded with a broader reflection on the possible implications for the GRSs research. We note that this paper is an updated and extended version of ''Research Methods for Group Recommender Systems' ' Delic et al. (2016a) presented at the Workshop on Recommenders in Tourism (RecTour) 2016 held in conjunction with the RecSys 2016 conference (Fesenmaier et al. 2016) .
The rest of this paper is structured as follow: Sect. 2 positions this work in the context of the research on GRSs; in Sect. 3 the study procedure is described in detail; Sect. 4 illustrates instruments used for the data collection; in Sect. 5 results of analyses are summarized; followed by Sect. 6 where implications for recommender systems are explained. Finally, in Sect. 7 we discuss limitations, challenges and possible variations of the study.
Background
The aim of this section is to position our study and to ease the understanding of its conclusions and implications. Therefore, in the first part, we give an overview of the GRSs research focus, related work and main challenges. In the second part of the section, we aim at clarifying the theoretical concepts used in different phases of the study. Thus, we describe the approach that was used to record the behavior of the participants during the group decision-making process, and we provide a theoretical background of the concepts used in the study questionnaires, i.e., personality model, travel types and social choice theory.
Group recommender systems state-of-the-art
Recommender systems help their users to find interesting content, for instance, in the overwhelming repository offered by the Web . Actually, recommender systems are employed in various domains, suggesting different types of items. Often these items involve activities that are experienced by groups of people, rather than by single users, e.g., movies, restaurants, travel destinations, etc. Thus, research on recommender systems is more and more dealing with systems that generate recommendations of items that are supposed to be consumed jointly by a group of people. A detailed overview of the state-of-the-art of GRSs is provided by Masthoff (2015) . In order to offer a comprehensive overview of the current and previous research activities in GRSs, different research focuses are separately addressed.
Main challenges and aggregation strategies Four major challenges for GRSs were identified and elaborated in Jameson (2004) .
1. Elicitation of the group members' individual preferences. 2. Aggregation of the group members' individual preferences to a group model. 3. Representation and explanations of group recommendations. 4. Supporting group members to reach their final group decision.
In fact, current research is mostly focused on the second challenge, i.e., how individuals' preferences should be aggregated into a group model. Three types of aggregation approaches are defined (Jameson and Smyth 2007) . In the first approach, the recommender system first generates recommendations for each group member separately and then, in order to produce a group recommendation, it aggregates the individuals' recommendations. In the second approach, the recommender system first predicts the ratings of group members, and then aggregates predicted ratings into a group rating in order to generate group recommendations. Finally, in the third approach the system generates recommendations by using a group preference model that is derived by using existing information about group members.
Commonly used aggregation strategies, i.e., methods to aggregate either individuals' recommendations into a group recommendation or individuals' ratings into a group rating, are derived from Social Choice Theory (Masthoff 2015) . Some of the most popular aggregation strategies are listed below:
• Plurality voting Each group member votes for a preferred option and the one with the largest number of votes wins.
• Borda count Each group member creates a ranked list of options according to his/her preferences; points are assigned to options, separately for each individual, based on the position of an option in a list (i.e., the last option gets zero points, the second last receives one point, etc.); a group score for an option is calculated as the sum of the individually assigned points; the option with the highest score wins.
• Copeland rule Firstly, the pairwise comparison of options is applied, and for each option the number of wins and losses against all other options is counted (i.e., we count how many times an option was rated/ranked higher by group members in comparison to other options). To obtain group scores, number of losses is deducted from the number of wins; the highest score wins.
• Additive Individuals' ratings are summed up, the option with the highest score wins. Possible implementations of the additive strategy are to calculate the mean value (i.e., average strategy) or the median value (i.e., median strategy) of the individuals' ratings.
• Multiplicative Individuals' ratings are multiplied, and the option with the highest score wins.
• Least misery A group score is the minimum of individuals' ratings; the strategy assumes that a group is as satisfied as its least satisfied member.
• Most pleasure A group score is the maximum of individuals' ratings; the strategy assumes that a group is as satisfied as its most satisfied member.
• Weighted average Based on certain metrics, weights are assigned to group members, and thus, a group score is a weighted average of individuals' ratings; the strategy assumes that in certain cases the wishes of some group members should be valued more than those of other group members.
Research has clearly demonstrated that there is no strategy that outperforms all the other aggregation strategies in any given situation. Influence and roles in group recommender systems A very important section of the research on GRSs is dedicated to defining and identifying (1) the influence that a group member can have on determining the final choice of a group, and (2) the role that a group member plays in a group. The first researchers that tackled this issue were Masthoff and Gatt (2006) . They defined two types of influence: (a) emotional contagion and (b) conformity. In the same paper, the authors also introduced several satisfaction functions that account for the influence in groups. Later on, contributions from other researchers arose and different types of role-based and influencebase group recommendation approaches were introduced. For example, a very simple role-based approach was introduced and evaluated in Ali and Kim (2015) . The authors defined different group members' roles and accordingly assigned them weights in the aggregation strategy based on the group member's activity in the system, i.e., the more item-ratings a group member provided the greater the weight would be. However, it is noteworthy that the group context was disregarded and only individually provided item-ratings were considered. In the work of Berkovsky and Freyne (2010) , three role-based models were introduced, and all three took the similar approach as in the previous case. The main difference is the integration of the group context in the models. The third approach, introduced in Gartrell et al. (2010) , defined weights based on the number of item-ratings, but only considering a pre-selected set of movies. A considerably different approach was introduced by Quijano-Sanchez et al. (2013) . The authors defined influential group members, and accordingly delivered group recommendations, based on (a) group members' personality strength, i.e., the more assertive a group member is the greater influence of that group member is assumed; and (b) social relationships between group members. Finally, in Quintarelli et al. (2016) , the authors defined influence based on the match/mismatch between users' individual choice and the group choice in which a user has participated. For example, if a user was a member of six different groups and her preferred option was selected as the group choice in three out of six cases, then her weight in the influence-based model is 3=6 ¼ 0:5.
Group recommender systems in the travel and tourism domain Various research activities were dedicated to develop and evaluate GRSs to support group decisionmaking process in the tourism domain:
• Intrigue Ardissono et al. (2003) assists tour guides to plan touristic tours for heterogeneous groups with somewhat homogeneous subgroups (e.g., children, elderly). The system generates personalized recommendations by matching the attributes of tourism attractions to the explicitly given preferences of subgroups, and it uses the weighted average strategy to build a group preference model. The weights applied in the aggregation strategy are adjusted to the subgroup importance.
• Travel decision forum Jameson (2004) is a system that allows its users, i.e., group members, to decide on preferred attributes of a joint holiday. The main idea of the system is to simulate a face-to-face, asynchronous discussion, by allowing group members to use animated characters. In order to build the group model and to aggregate individuals' preferences, the system uses the additive and median strategies.
• Trip@dvice Venturini and Ricci (2006) is a case-based reasoning recommender system with a cooperative negotiation methodology approach. The system uses automated negotiation agents as mediators of a cooperative negotiation. The case-based reasoning module generates individuals' recommendations, which are then used as group members' proposal items for the group. To generate group recommendations, the negotiation agents apply one of the available negotiation strategies (e.g., maximizing the utility of the least happy group member) and chooses one of the previously generated proposal items as an agreement for the group. Based on different aggregation approaches, the system generates several more suggestions for the group.
• Collaborative Advisory Travel System (CATS) McCarthy et al. (2006) allows group members to express their opinion about each others preferences and preferred options by employing the critiquing approach. Critiquing-based techniques allow users to comment, i.e., critique, a specific item or itemattribute, e.g., ''I would prefer a destination that is not that distant'', meaning that a user is critiquing the distance attribute of the destination. The system adapts the next set of recommendations accordingly. In CATS, this specific approach was used to support the negotiation process, i.e., group members can comment on each-others' item-attribute preferences and the group model is built as the average of individuals' preferences.
• Where2eat is a mobile app for restaurant recommendation that implements ''interactive multi-party critiquing'', i.e., an extension of the critiquing concept to a computer-mediated conversation between two individuals (Guzzi et al. 2011) . The system allows group members to generate proposals and counterproposals until the agreement is reached.
As we mentioned in the introduction, only recently, the research on GRSs has started to acknowledge the importance of the group decision-making process and the dynamic of group members' preferences through the decision-making process (Nguyen and Ricci 2016, 2017a, b, c; Nguyen 2017) . In this works, the authors aim at generating group recommendations not only based on individual and independent preferences of group members, gathered outside of the group context, but also based on the preferences that evolve during the group decision-making process. The authors propose a group model that combines group members' individuals and independent preferences with the preferences constructed within the group decisionmaking process.
Group decision-making and observational studies
A very small fraction of the research on GRSs is dedicated to understanding how groups make choices and, therefore, how the group decision-making process can be supported (Chen et al. 2013 ). An example of a group recommendation study that can be described as an ''indirect'' observational study of group decision-making processes was conducted by Masthoff (2004) . The participants were asked to create an item-sequence, i.e., a ranked set of recommendations, for a given, fictional group of people, based on their individual, independent item-ratings. The objective for the study participants was to maximize the satisfaction of group members with the generated item-sequence. The author aimed at understanding if participants would use certain aggregation strategies when deciding the best item-sequence for a given, fictional group, and how would they explain the goodness of fit of the generated item-sequence. Moreover, in the same study, the author designed a second experiment where participants were asked to imagine themselves in a group of three, they received item-ratings of each group member, including themselves, and asked how satisfied they and the rest of the group would be if the system recommended certain item-sequences. In social science disciplines numerous observational studies have been conducted and a considerable amount of literature about group decision-making processes exists. For example, Tindale and Kameda (2000) discuss the importance of the so called ''social sharedness'', i.e., the extent to which preferences, information or anything related to a group-decision making process, is exchanged and shared between the group members. The authors found evidence of ''social sharedness'' being one of the key elements in understanding group decision-making outcomes. Moreover, researchers who study the functional theory of group decision-making observed that groups that reach their decisions in a more structured fashion, actually, are more likely to make better decisions. In Forsyth (2014) an approach to structure a decision-making process is proposed. The approach suggests that four phases should be adopted:
1. Orientation phase The group defines important aspects and goals of the decision-making process:
• The problem that needs to be solved.
• Goals that should be achieved.
• Strategy and procedures that should be used in the process.
2. Discussion phase In this phase, a ''communication peak'' should be reached. Group members exchange collected information, opinions, agreements and disagreements. The main tasks of the phase are:
• Gathering relevant information.
• Exchanging information.
• Discussion about possible alternatives.
3. Decision phase Based on the previous phases a group makes a decision using a decision scheme, e.g., voting, consensus reaching, etc. If a decision cannot be reached a group can return to any of the previous phases. 4. Implementation/evaluation phase A decision is implemented and evaluated.
While we believe that structured decision-making approaches should be considered when developing a GRS, as a matter of fact, current GRSs, as we mentioned already, focus on the generation of suggestions for a group, based on individuals' preferences, hence only marginally attack the issue of how to better support the full decision-making process. Thus, in this study, we aim at understanding how to truly facilitate groups in their decision-making process with the GRSs.
Many different approaches to perform an observational study and record interactions within small groups exist. In our study we use that proposed by Bales, i.e., the interaction process analysis (IPA) (Bales 1950; Forsyth 2014) . IPA is a coding method for observing group interactions and it is widely used as it increases the objectivity of observations. The approach requires from an observer to identify a ''unit'' of interaction for each group member. Bales defines a ''unit'' of interaction as a single simple sentence or its equivalent. Therefore, complex sentences containing an independent clause and at least one dependent clause, or compound sentences joined by ''and'', ''but'', ''or'', should be broken down into a single expression ''unit''. For example, if a group member states ''How about voting, but I think we still might not get the winner.'', the observer should break down the sentence into two ''units'': (1) ''How about voting'', and (2) ''I think we still might not get the winner.''. Furthermore, in addition to speech, a ''unit'' of interaction includes also facial expressions, gestures, body attitudes, emotional signs, etc. Then, for each group member, the observer categorizes each ''unit'' of interaction into one among twelve behavior categories:
1. Show solidarity/''Friendly'' (e.g., expressing gratitude or appreciation; apologizing, or smiling directly at another; offering assistance, time, energy, money; etc.). 2. Show tension release (e.g., showing cheerfulness, satisfaction, enjoyment, relish, pleasure, etc.). 3. Agree (e.g., agreement reflected through verbal or nonverbal expressions). 4. Give suggestion (e.g., mentioning a problem to be discussed: ''I want to call your attention to the budget issue''). 5. Give opinion (e.g., stating judgment or inference: ''I believe that Amsterdam is the most beautiful place to visit in spring'').
6. Give information (e.g., reporting factual, verifiable observations or experiences: ''The weather in Amsterdam at this time is not good''). 7. Ask for suggestion (e.g., requesting guidance in problem-solving process). 8. Ask for opinion (e.g., questions seeking value judgment, beliefs or attitudes). 9. Ask for information (e.g., questions requesting a simple factual, descriptive, objective type of answer). 10. Disagree (e.g., rejecting another person's statement). 11. Show tension (e.g., appearing startled, blushing, showing embarrassment). 12. Show antagonism (e.g., attempting to override the other in conversation, interrupting the other, making fun of others, criticizing, ill-treating, tricking, deceiving, etc.).
These categories are split in order to capture (a) relationship interactions (i.e., categories from 1 to 3, and 10 to 12) and (b) task interactions (i.e., categories from 4 to 9). The categories are grounded on Bales's long-term work on group interactions observations. The IPA system enables qualitative analysis as the behavior of each group member is classified and quantified in a clear manner. In our best knowledge, no studies have tried to relate observations recorded with the IPA system with the theoretical concepts used in this study, i.e., the Big Five factor model and travel types.
Theoretical concepts of the study
The research on groups and their performance in particular tasks, such as the decision-making task, has shown that inter-subject relations (i.e., the group dynamics, group identity, etc.), emotions, personality, group similarity of interests, opinions, preferences, etc., play an important role in the final outcomes of those tasks (Forsyth 2014). However, those aspects are often neglected in the research of GRSs. To this end, in our study, besides individual explicit preferences of group members, we covered additional aspects that we believe might have an impact on the final outcomes of the group decision-making process.
The Big Five factor model In psychology research, many models have been developed to capture individuals' characteristics and to explain their overall behavioral patterns. One of the most widely used models, in this sense, is the fivefactor model of personality, also known as the Big Five (McCrae and Costa 1987) . It breaks down the personality into five orthogonal dimensions: (1) openness to new experiences, i.e., the extent to which someone is prone towards experiencing new and unusual things; (2) conscientiousness, i.e., the extent to which one is precise, careful and reliable, or rather sloppy, careless, and undependable; (3) extraversion, i.e., the extent to which people are outgoing, cheerful, warm, or rather quiet, timid, and withdrawn; (4) agreeableness, i.e., the extent to which someone is altruistic, caring, and emotionally supportive, or rather indifferent, self-centered and hostile; (5) neuroticism, i.e., the extent to which someone experiences distress or rather is calm and even-tempered (McCrae and John 1992). The five-factor model of personality has been converted in many bigger and smaller measures, i.e., with more and less dimensions (Donnellan et al. 2006) , and is used in a wide range of application domains, including tourism (Neidhardt et al. 2014) .
Travel types Specific for the tourism domain, there is an important line of research that is concerned with the relationship between individual characteristics, psychological needs and personal expectations on the one hand, and travel-related attitudes on the other. A well-established classification of tourist preferences is offered by the framework introduced in Gibson and Yiannakis (2002) , which distinguishes, as authors named them, 17 Tourist Roles. Even though these Tourist Roles represent short-term characteristics, if compared to the long-term Big Five factors, evidence exists for associations between these two constructs (Delic et al. 2016c) . Factor analyses on the 17 Tourist Roles and the Big Five yielded seven basic travel types, i.e., Sun and Chill-out, Knowledge and Travel, Independence and History, Culture and Indulgence, Social and Sport, Action and Fun and Nature and Recreation (Neidhardt et al. 2014) .
Social identity theory Social psychology is a branch of psychology that deals with relations of individuals' circumstantial and social characteristics with individuals' attitudes and behavior in the context of social groups. It analyses the influence of social groups on personal processes, close relationships, intergroup and societal phenomena (Fiske et al. 2010) . Social identity theory emerged as an extension to a wide-spread research on small groups in social psychology, trying to account for another set of dimensions related to the, so called, social identity (Tajfel 2010) .
Social identity is defined in terms of how one perceives himself/herself in relation to a social environment together with one's sentiment of belonging to that particular social environment, i.e., it is the ''individuals self-concept which derives from their knowledge of their membership to a social group (or groups) together with the value and emotional significance attached to the membership'' (Tajfel 2010) . However, social identity theory does not define the general concept of identity or the ''self-concept'', but it rather claims that an important part of the overall ''self-concept'' is a result of one's association to a certain social group or category. Therefore, the social identity theory explores the role of social identity in relation with how groups of people are formed and how members relate to each other in those groups.
In our study, we focus on the strength of participants' identification with the others in their group (further referred as the group identification). In that sense, strong group identification means: (a) a member feels a high level of belonging to a particular group; (b) a member is willing to participate in a group activity; and (c) a group member wants to belong to a particular group. Strong group identification occurs even when preferences related to some specific topic are not shared among group members, but they perceive similarity on a more comprehensive level, i.e., the social identity level.
Procedure
The study was initiated in a cooperation with the International Federation for Information Technologies in Travel and Tourism (IFITT) and 11 universities worldwide. The first implementations of the study took place at the Delft University of Technology (TU Delft), the University of Klagenfurt (UNI Klagenfurt) and the University of Leiden (UNI Leiden), while an extended study was carried out at the Vienna University of Technology (TU Wien). Each implementation was conducted as a part of a regular lecture and followed a three-phases structure: a prequestionnaire phase, groups meetings/discussions phase and a post-questionnaire phase (see Fig. 1 ).
Prior to the first study phase, an introductory presentation containing the general instructions for the participants was arranged. The first task for all participant was to form groups. At TU Delft, UNI Klagenfurt and UNI Leiden, students were free to form their groups and decide the size, but they were requested not to exceed the size of five members in a group. At TU Wien students were instructed to form groups of six members and to select two students (further referred to as observers) whose task was to observe and record activities of their group in the second study phase. All the other group members took part in the decision-making process (further referred to as decision-makers). It is important to note that the detailed recordings of the decisionmakers behavior was part of the TU Wien study implementation only.
In the first study phase, the task for the decision-makers was to fill out the online, pre-questionnaire that captured their individual profiles, preferences and dislikes (for details see Sect. 4). Also, in this phase at TU Wien, a short training for observers was organized. The purpose was to introduce the observers with the details of the second and third study phases, and to instruct them on how to perform and document the observations of group behavior. A report template for documenting the group behavior, i.e., actions of the decision-makers, designed based on Bales's IPA (Bales 1950) , was clarified and distributed to the observers. Moreover, the observers received detailed written explanations on how to perform observations and a continuous contact with them was maintained until the end of the study. Fig. 1 Overall structure of the study and differences between implementations In the second study phase, the groups meetings and discussions took place. To this end, the decision-makers received written instructions with the following structure:
1. Ten predefined destination options together with informational Wiki pages. 2. Description of the decision task scenario: ''Imagine that you are working on a research paper together with the other group members. Interestingly, your university offers you the opportunity to submit this paper to a conference in Europe. If the paper gets accepted, the university will pay to each group member the trip to the conference. In addition, you will be able to spend the weekend after the conference at the conference destination. Ten conferences will take place in European capitals around the same summer period''. 3. Decision task: ''Decide to which conference (destination) you will submit your paper, and what would be your second choice (in case the first choice would not be feasible for some unexpected reason)''.
Groups were not instructed on how to perform the decision-making task and whether they should necessarily check the informational Wiki pages or not. This specific design was chosen due to its simplicity. Usually, when a group is planning a trip a number of different trip aspects have to be considered, e.g., timing, budget, destination, accommodation, transport, etc. A proper discussion on all these issues would be almost impossible to simulate in a controlled environment. Thus, we concentrated on a simple aspect, i.e., the selection of a destination, to analyze the basis of group interactions and dynamics in this specific context. At TU Wien, observers were included in the group work. They audio recorded and documented the group decision-making process using the Bales's IPA report template (for details see Sect. 4).
In the third phase, the decision-makers filled out an online, post-questionnaire inquiring about the previous phase and the overall experience. During this phase, interviews with the observers were arranged in Vienna: for each group one meeting with the two observers and one of the authors of this paper. At the interviews, firstly, we asked the observers to explain different sections of their report template and behavior categories in order to evaluate their understanding of the task they were given. Secondly, the two observers elaborated their own submissions and compared them, if the recordings differentiated to a great extent, the observers were asked to come to an agreement and revise their reports.
At each university the study implementation followed the described structure. However, some minor differences existed, they are explained in Sect. 7. After the first implementation round, considering all the locations where the study was conducted, the size of the collected data sample comprised 78 decision-makers in 24 groups of 2, 3 and 4 members, plus 16 observers, two for each of the eight groups at TU Wien. At TU Delft, after a first implementation round (referred to as TU Delft), a second one with the same configuration took place (referred to as TU Delft2). It introduced 122 new decision-makers in 31 groups. Thus, at the end the data sample comprised 200 decision-makers in 55 groups of 2-5 group members (see Tables 1,  2 ) plus 16 observers.
Measurements
In this section we describe the collected data in detail as well as the instruments used to collect it: the pre-questionnaire, the template for documenting the observations of the group behavior and the post-questionnaire. The instruments were designed based on existing literature (see Sect. 2) with the goal to cover different aspects, that might have an impact on the group decision-making process and its outcomes.
The first data collection instrument, i.e., the pre-questionnaire 1 captured a rich user profile of the participants. The questionnaire comprises 68 statements separated into four sections: 1. Demographic data (i.e., age, gender, country of origin, university affiliation and student identification number).
Tourist roles and Big Five factors:
• 30 questionnaire statements were related to the 17 tourist roles (see Sect. 2).
• 20 questionnaire statements were related to the Big Five factors (see Sect.
2).
3. Ratings or ranking of the ten predefined destinations and the experience related to those destinations:
• Destinations Amsterdam (at TU Wien and UNI Klagenfurt), Berlin, Copenhagen, Helsinki, Lisbon, London, Madrid, Paris, Rome, Stockholm and Vienna (at TU Delft and UNI Leiden).
1 https://survey.aau.at/2012/index.php?sid=49577&lang=en. • Experience Participants were asked how many times they have visited each destination.
• Ratings and ranking Participants at the TU Wien rated, while other participants ranked the ten destinations (implications of this distinction are discussed in Sect. 7).
4. Ranking of decision criteria for choosing a travel destination (i.e., budget, weather, distance, social activities, sightseeing and other).
A five-point Likert scale was used for the questionnaire statements related to the 17 tourist roles and the Big Five factors. To obtain the scores, i.e., the level to which a person belongs to a certain tourist role or to a certain personality trait, ratings of the statements were normalized (i.e., summed and divided by the number of related questionnaire statements).
In the second phase the group decision task took place. As previously mentioned, at the TU Wien the observers recorded behavior of the decision-makers. As explained previously, the report template for the observers' recordings was designed based on the Bales's IPA (see Sect. 2). Thus, the task for observers was to audio record group discussion and to fill out the provided report template. The report template consisted of the following sections:
1. Decision-making process planning and execution: whether a specific plan for the group decision process was used or not and if yes the duration of the different decision process phases. 2. Group members' roles: e.g., leader, follower, initiator, information giver, opinion seeker. 3. Group members' behavior: Bales's IPA system and twelve categories of behavior (see Sect. 2). 4. Social decision scheme: when groups engage in a decision-making task, usually they adopt a type of a decision scheme to make a final choice, i.e., averagingthe group makes decisions by combining each individuals preference using some type of computational procedure; voting-the group selects the destination favored by the majority of the members; reaching consensus-the decision is made when everyone agrees on a course of action and expresses satisfaction with the decision; observers could also provide a description of the decision scheme in their own words. 5. Strength of group members' preferences: the observers rated group members' willingness to give up on their initially preferred options, on a scale from 1-very unwilling to 5-very willing.
To complete this task properly, observers attended a lecture with instructions on how to perform observations. At the lecture, each part of the report template was explained in detail. Furthermore, each behavior category of the IPA system was thoroughly elaborated with examples applicable to the decision-making task at hand.
Finally, a post-questionnaire 2 was used to collect data about the participants' experience with the group decision-making process and the overall study. It asked for: 1. Group choice: i.e., the first and the second preferred destination of the group. 2. The usage of the provided info about the ten destinations: i.e., the participants were asked whether or not they used the provided information about the destinations during the group decision-making process. 3. Textual description of the group decision-making process employed by the group: i.e., ''Shortly describe how you reached the group decision?''. 4. Overall attractiveness of the ten predefined destinations: e.g., ''Many destinations were appealing.'', ''I did not like any of the destinations.''. 5. Satisfaction with the group choice: e.g., ''I like the destination that we have chosen.''. 6. Difficulty of the decision process: e.g., ''Eventually I was in doubt between some destinations.''. 7. Participant's perceived group identification: e.g., ''I identify with the other students in my group.'', ''I see myself as a member of this group.'') and preferences similarity with the other group members (e.g., ''I considered myself similar to the other members in my group in terms of our preferences.'', etc. 8. Assessment of the task: participants were asked to select the statements to which they agree regarding the organization of the task, i.e., ''The task was well described.'', ''More and better instructions on what we should have done would have been helpful.'', ''I did not understand what we should do.'', ''Most people in our group had no idea what we should do.''), their feedback (e.g., ''The exercise was chaotic.'', ''I learned something.'', etc.), and willingness to participate in the same or similar study (i.e., ''Would you like to participate more often in exercises like this one?''.
A five-point Likert scale was used to assess 4., 5., 6. and 7. The overall structure of the data, and the different aspects that were collected with the three instruments is shown in Fig. 2 . Moreover, different colors indicate different study phases, i.e., rose: pre-questionnaire, blue: groups meetings/ discussions, and yellow: post-questionnaire. Central entity in the diagram is the group member, i.e., the decision maker who is connected to all the other data dimensions.
Findings
In this section we present the results obtained by the several data analyses conducted on a sample of 200 participants in 55 groups.
Exploratory analysis on choice satisfaction and aggregation strategies
In a first data analysis we studied whether or not the decision-makers were satisfied with the outcome of the group decision-making process, and we tried to understand the impact of their initial preferences on that satisfaction. The vast majority of participants showed a high satisfaction for the destination chosen by the group, i.e., they indicated that they were excited about this destination. Obviously, for those whose individual top choice matched the group selection (73 out of 200, 36:5%), this was particularly true (67 out of 73, 91:8%). However, most decision-makers whose top-choice was not the group choice (127 out of 200, 78:0%) were also satisfied (99 out of 127, 63:5%), see Table 3 . To some extent this might be related to the fact that the decision-makers perceived the ten offered destinations overall as very attractive, or the best attainable compromise given the group members' preferences. However, why people are satisfied with a choice that is not their preferred item is a focus of our second analysis, summarized in Sect. 5.2.
A Chi-square test for the contingency Table 3 shows that the two dimensions are not independent (p = 0.01), hence significantly more people are excited about a destination when it matches their pre-discussion preferences.
However, as demonstrated in the further text and supported by the second analysis, individuals' satisfaction does not only depend on the match between individual and group preferences but on a great variety of factors, including the group decision-making process, and characteristics of the individuals as well as of the groups. Thus, below in this paper we will show that: (1) group choice is not just an aggregation of the group members' individual preferences, but that it is rather constructed during the process, and (2) individuals' satisfaction is related to certain characteristics of the individuals and groups.
The first statement is supported by the fact that common aggregation strategies used in GRSs are hardly able to predict the outcome of the group decision-making process. To this end, we calculated the prediction precision of the first and second group choice computed by those aggregation strategies. As introduced in Sect. 2, an aggregation strategy is applied on the group members' individual preferences, e.g., ratings, to compute a group recommendation. In our case, with the aggregation strategies we try to ''predict'' the actual group choice based on the group members' individual ratings of the ten pre-defined destinations (acquired within the prequestionnaire). This analysis is important as it can provide the first insights in clarifying the relevance of the group members' individual, pre-discussion preferences, as well as the relevance of an aggregation strategy in predicting the opinion or satisfaction of an individual group member with the actual group choice:
In this formula, true positives (TP) are group choices that a strategy correctly puts in the top-k items (i.e., top-1 or top-2), and false positives (FP) are the options in the top-k set, as predicted by an aggregation strategy, that were not selected by a group. The results i.e., the average precision computed on 55 groups, are shown in Table 4 . The multiplicative strategy, in general, outperformed other strategies, which is in-line with previous results (Masthoff 2004) . The general satisfaction of participants with the final group choice indicates that the performance of an aggregation strategy in terms of predicting the actual group choice might be of minor relevance, since a group member might be satisfied even when her individual top-choice is not selected by a group. However, the performance of an aggregation strategy in terms of individuals' satisfaction with the group choice is of great importance and requires a user study, after all, as it was shown, the pre-discussion preferences are not always an indicator of what a group member will say about the actual group choice.
Therefore, it is clearly relevant to identify other factors that play a substantial role in determining outcomes of group decision-making processes. In our analysis, by the outcomes of the group the decision-making process we consider, (1) the actual group choices, and (2) the choice satisfaction of individual group members. In the next step, we studied in more details the relationship between the choice satisfaction and characteristics of the individuals and the groups. We found that the choice satisfaction was significantly and positively correlated with Agreeableness and Conscientiousness, and negatively correlated with Neuroticism . Obtained correlations are in-line with the personality theorypeople with more agreeable and open personalities are easier to be satisfied, compared to those scoring high on Neuroticism. Moreover, behavioral categories that were observed and recorded during the decision-making process were found to be related to the choice satisfaction as well as to the perceived difficulty of the decision-making task. Choice satisfaction was significantly and negatively correlated with the Give opinion and Ask for suggestion behavioral categories, and the perceived difficulty of the decision-making task was significantly and positively correlated with the Give opinion and Ask for opinion behavioral categories. 
Analysis on determinants of choice satisfaction
To better understand when and why the decision-makers were highly satisfied or, on the other hand, not so satisfied with the final group choice, we conducted a second analysis . Firstly, we explored to which extent the choice satisfaction was related to the distance between the group members' individual preferences and the final group choice. Thus, we calculated the Kendall-tau distance between individuals' ranked destinations and groups' top two choices, and correlated it with the satisfaction measure. As expected, a significant correlation was found, but only with a moderate correlation score (À0:35, p\0:001). Therefore, to examine what other factors may influence the level of individuals' satisfaction, we identified high and low satisfied decision-makers, and we analyzed differences between the two. A t-test revealed that high satisfied decision-makers scored higher on the Conscientiousness and Agreeableness personality traits, and also on the Social and Sport and Action and Fun travel types. At the same time they scored lower on the Neuroticism personality trait. Additionally, they perceived the group decision process as easier, the group similarity as higher, and their group identification was stronger. Finally, the analysis showed that decision-makers with a more collaborative personality were generally more satisfied with the final group choice.
In the next step of the analysis, two additional categories of decision-makers were introduced: (1) winners, i.e., those whose individual preferences were close to the final group choice, and (2) losers, i.e., those whose individual preferences were further away from the final group choice. It was especially appealing to investigate what are the differences between high and low satisfied losers in this case. We found out that those who fall into the losers category and who were still satisfied with the final group choice, in general, were more open to new experiences, extroverted and agreeable, and, again, less neurotic. These findings were consistent with theory and research results on the five-factor model of personality (Donnellan et al. 2006; McCrae and Costa 1987; McCrae and John 1992) . Finally, the results showed a significant difference in reported choice satisfaction for individuals with active (not avoiding) or passive (avoiding) style of resolving a conflicting situation. Active and passive behavior styles were identified based on the Thomas-Kilmann conflict resolution styles (Kilmann and Thomas 1977) . To assign each decision-maker to one of the Thomas-Kilmann styles, a relationship between personality traits and the conflict resolution styles was established as suggested in Wood and Bell (2008) . Therefore, a passive person, i.e., with an avoiding conflict resolution style, scores low on the Agreeableness as well as on the Extraversion personality trait. It was found that decision-makers with a passive (avoiding) conflict resolution style were highly satisfied with the final group choice when it matched their own initial preference, but they were extremely dissatisfied with the final group choice in case of a mismatch with their own initial preference.
Choice satisfaction at the group level
Of course, the satisfaction of the individual is of crucial importance, but the satisfaction of a group as a whole plays an important role as well. To capture the satisfaction of a group, we studied the average choice satisfaction of the group members. Statistical tests identified significant differences between highly and less satisfied groups with respect to a number of factors. These factors captured, on the one hand, whether or not the group perceived the task as difficult. On the other hand, they were related to aggregated travel behavioral patterns (i.e., more satisfied groups scored higher on the Social and Sport and lower on the Sun and Chill-out travel factor), as well as personality traits of the group members (i.e., more satisfied groups scored higher on the Openness to new experiences and lower on the Neuroticism personality trait). Furthermore, in less satisfied groups, the observers recorded a significantly higher level of disagreement during the group decision-making process.
Qualitative insights into the adopted group decision-making processes
The aim of the qualitative analysis is to provide more details on the actual decisionmaking processes adopted by groups for our study task (i.e., the selection of a destination to visit together as a group). Moreover, the goal is to identify aspects in which the adopted decision-making processes differed among groups. The overall objective would then be to explore the relationship between the different types of the decision-making process, characteristics of the group and the decision-making process outcomes.
Several types of group decision-making processes were adopted by group members to reach their final decisions. The processes mainly differed in three identified aspects: (a) preferences disclosure technique (i.e., how the decisionmakers expressed their individual preferences); (b) discussion type (i.e., whether they exhaustively discussed different options or not); and (c) decision reaching technique (i.e., whether the decision-makers voted for their final choice or they tried to convince each-other until they reached a consensus).
Preferences disclosure technique
To disclose individual preferences, decision-makers, employed one of the following techniques: (1) top-choice disclosure (''Every group member stated his favorite locations.''); (2) the elimination process or the least misery approach (''We discussed which cities everyone did not want to visit because he/she has already been there/hates it/doesn't find it appealing.''); (3) disclosure of the general expectations, criteria, pros and cons of the ten destinations (''..we talked about what are the criteria to rule out cities. We came up with architecture and the distance to the sea.'', ''Firstly we described our expectation from the vacation.'').
Discussion type
Whether the group discussed their options in length or not was, of course, related to the preferences disclosure technique. Groups that started with their top-k choices or the elimination process, in general, seemed to spend less time on discussion, since they could identify similarities in group members' individual preferences early in the decision-making process. On the other hand, groups that started with their expectations and criteria spent more time on discussion, since usually they discussed each destination in the choice set before making a decision ''Discuss each of the destinations and each member explains why he/she wants or doesn't want to go there.''.
Decision reaching technique
To reach the final decision, decision-makers either voted or managed to convince each-other on a certain choice. It was consistently observed that groups with a higher preferences diversity employed the majority voting strategy as they did not have other way to agree on a final choice ''Our initial plan was to discuss the destinations until everyone was consent and happy about the decision. This was probably very naive, since this is very unlikely to happen. Our interests for vacations were very different, so it was not possible to find a location where every could do the things he or she wanted to do. Therefore we later on decided to do a majority vote between the two most popular destinations.''. Finally, a very specific approach was adopted by a certain number of groups, i.e., they assigned points to each destination, and then made their decision based on the number of points that each destination received. In some cases they obtained points from individually ranked lists and in some cases they explicitly assigned points to a number of destinations ''We all named our top-3, then gave the No-1 10 points, the No-2 5 points, and the No-3 3 points. Everybody also got the opportunity to give one city -5 points if they did not want to go there. If cities ended with the same amount of points, we did a separate vote including only those cities.''.
Clearly, the groups adopted the decision-making approach that fit them the best-different groups managed to reach their final decisions in different ways still being satisfied with the outcome. Therefore, to deliver group recommendations, the question is not only what to recommend, but also how given the group at hand. The goal, however, should be clear and driven by the maximization of decision-makers' satisfaction.
To summarize, in this section we have showed the following results:
• Majority of the decision-makers were satisfied with the final group choice even when their top choice was not selected by their group.
• Aggregation strategies applied on the group members' individual, pre-discussion preferences can hardly predict the actual group choice.
• The choice satisfaction of group members is related to their personality.
• Collaborative behavior style is related to the greater choice satisfaction regardless of the group decision-making outcome, while the satisfaction of those with a passive behavior style is profoundly related to the match/mismatch between their individual preferences and the final group choice.
• The choice satisfaction of the group as whole is related to the difficulty of the decision-making process, personality, travel behavioral patterns and the degree of agreement/disagreement among the group members during the decisionmaking process.
• Finally, groups adopted various decision-making approaches, which mainly differed in (a) preferences disclosure technique; (b) discussion type; and (c) the decision reaching technique.
Implications for recommender systems
As previously mentioned, the proposed observational study is ultimately motivated by the goal of being able to design more effective GRSs. This means that the system should better predict, and therefore recommend, which items will make the group members more satisfied. We will now discuss some important benefits that the analysis of the data acquired by observing users' interactions in group decisionmaking tasks can bring to recommender systems, and we will also illustrate some already achieved results. First of all, GRSs require the design of ranking functions that can highlight which items a group must primarily look at. Ranking functions for GRSs are based on preference aggregation strategies. While we already mentioned that there is not a single best aggregation strategy that fits all possible recommendation tasks and decision contexts, observational study data can be used to choose and customize the aggregation function to the specific contextual conditions of the group. We conjecture that, having a family of candidate aggregation functions, one can optimally choose the right one by fitting the observation data. For instance, experimental results of the study showed that the social role and personality of the group members influence group choices which was also confirmed in other studies (Gartrell et al. 2010; Quijano-Sanchez et al. 2013; Recio-Garcia et al. 2009 ). Hence, for instance, among a family of multiplicative aggregation models one can fit the importance weights of the group members depending on their roles and personality.
This conjecture is furthermore addressed by a recent simulation study (Nguyen and Ricci 2017b) analyzing how long-term and session-specific preferences can be optimally combined in different group scenarios. It is observed that a combination strategy that weighs more the long-term preferences is fitted to the scenarios when the group setting has no impact on group members' preferences, but when the group context pushes users to be either cooperative or uncooperative, users seem to benefit more from a recommender that takes into account the preferences observed from the group discussion, which reflect their newly emerging interests.
A second important usage of observational data is the construction of a more dynamic model of recommendations that integrates preference information derived by the observation of the discussion process into the baseline user preference model. In fact, it is clear from our study that the final group choice is not completely determined by the initial preferences of the users, i.e., the preferences expressed while evaluating domain items without any reference to or influence of the group. We conjecture that the observed dynamics of within group interactions must be carefully considered in order to better predict which items may suit the group at the precise point in time when the discussion in the group takes place. We have, for instance, mentioned the observed correlation between the decision-maker's activity in providing information or criticizing options and the choice satisfaction. As we suggested in the paragraph above, this data can also be used to identify a better aggregation strategy. However, we also hypothesize that this type of information can be exploited to revise the initial user models learned by the system using the historical preference data of the users. For instance, if a content based model was fitted to the known ratings of a user, this model can then be revised by considering the items that the user liked or criticized during the group discussion. Clearly, performing observations within the system is a much simpler task than conducting an observational study with human observers. The system could easily track decision-makers' reactions to each-others' proposals and system-generated recommendations. However, even though the classification of decision-makers' behavior might be a harder task for a system, it is certainly possible to introduce and detect a set of basic behavior categories. Moreover, in this study we aim at learning which behavioral aspects play an important role for the group decision-making outcomes, i.e., the group choice and the choice satisfaction, and as the exploratory analysis has shown, not all the categories seem to be of critical importance.
This idea has been implemented in a mobile system called STSGroup (Nguyen and Ricci 2017c) . The system allows group members to be engaged in a group discussion where they can exchange messages together with proposing items that are thought to be suitable for their group and react to other group members' proposals by giving feedback such as likes, dislikes or best-choice (see Fig. 3a) . The interactions between the members and the system during the group discussion are monitored and taken into account in order to provide appropriate recommendations and choice suggestions for group members (see Fig. 3b, c) . The group recommendations are accompanied by explanations that are computed on the base of the group members' actions and contexts. Hence, this system builds up on the observational study, and it convincingly demonstrates (1) the importance of the study scope and focus in the area of GRSs; and (2) why the research in the area of GRSs needs more similar studies that better tackle into the behavior of users and not only preferences.
A live user study was conducted to assess the usability of STSGroup, the perceived quality of the group recommendations and the choice satisfaction (i.e., the satisfaction of the users with the item that was finally selected by the group for a visit). The results of the user study has shown that the usability of the system is superior to a standard benchmark. Particularly, most of the participants indicated that the system is not complex and it is easy to use. It also leads to high perceived recommendation quality and choice satisfaction. This conclusion was supported by the fact that more than 70% of the participants confirmed that they found the new item recommendations for a group relevant, and even though only 60% of the participants thought that the chosen place fits their preference, more than 85% of the participants indicated that they were excited about the group choice.
Moreover, the information observed and collected during the group interaction, such as, the duration of the discussion and how much users interact with each other, can be further exploited to assess the ''situation'' that each individual member is likely to experience in the group setting. In fact, there are several different kinds of social response to group pressures Forsyth (2014). For example, group members may be consistent with their personal standards, or show conformity to the group opinion, or alternatively react negatively to the group setting. The ''situation assessment'' is essential since for different group settings the trade-off between long-term and session-based preferences has to be fine tuned in order to quickly meet the users' needs and requirement. This hypothesis has been confirmed through a recent follow-up simulation experiment that was conducted by reusing STSGroup data and its group recommendation model. Moreover, evaluating the group situation will pave the way for making a GRS proactive. More concretely, based on the estimated circumstance, the recommender can automatically adapt and better choose its actions, e.g., giving group recommendations, acquiring more information or suggesting a final choice to support the group decision-making process. In fact, adaptive action selection was successfully introduced and employed in a conversational travel recommender system for individuals (Mahmood et al. 2009 ), and we believe that such an approach can bring even a greater benefit in a group decision support system.
A fourth, probably most fundamental issue, is related to the ultimate goals of observational data and the scope of a GRS. Should the recommender fit the data, i.e., suggests what the users in a given context are supposed to choose, or should the system act as a mediator instead, aimed at driving the group towards a more fair choice? In the first case, as illustrated in the two paragraphs above, the system pleases the group and let it more smoothly and efficiently converge towards the decision that the group may have taken even without the system intervention. In the second case, the system is instead assuming that the fairness of a sound aggregation strategy should prevail on the natural group dynamics and will stick to it. This contra-position is not new in recommender systems: it relates to the question whether a recommender should only suggest items predicted to be top choices for the user or inject in the recommendations items that would make the list of recommendations more diverse, novel, sustainable, or simply more trendy. In order to address these fundamental questions, and understand which role the recommender should play, live user studies are unavoidable.
A fifth implication of the study is related to the picture-based approach introduced in Neidhardt et al. (2014 Neidhardt et al. ( , 2015 . The pre-survey questionnaire and the picture-based approach aim at capturing a user model described in terms of the same 17 tourist roles and Big Five factors that we used in the observational study described by this article. The picture-based approach uses the 17 tourist roles and the Big Five factors to extract, in a lower dimensional space, seven factors that describe tourist behavioral patterns: Sun and Chill-out, Knowledge and Travel, Independence and History, Culture and Indulgence, Social and Sport, Action and Fun, Nature and Recreation. But, to avoid long and tedious questionnaires to capture user's preferences, the authors use pictures. For each of the seven factors, pictures were identified and user preferences were captured by prompting the user to select pictures from this predefined set. By mapping the selected pictures onto the seven factors, a score for each of the factors can be determined for the user. Also, points of interest (POIs) can be represented using the same seven factors, so the recommendations for a user can be calculated by using the Euclidean distance between his/her user profile and the POIs. Figure 4 illustrates the picture selection environment and the travel profile feedback. Actually, the findings of this observational study can be related to the picture-based approach model and then generalized to design a GRS. The proposed research and related challenges are described in Delic (2016) .
Conclusion and outlook
In this section we summarize the contributions of the paper and list some further challenges that we believe could be addressed in future analysis of the data we have already collected. Furthermore, we discuss potential variations and generalizations of the proposed observational study.
In summary, the main contributions of the paper are:
• A detailed description of a replicable study procedure and instruments used for the data collection that can provide insights into group decision-making processes (see Sects. 3 and 4).
• The implementation of the proposed study procedure in a concrete context of tourism and traveling group decision making.
• Experimental results showing that certain characteristics of individuals as well as groups, which go beyond group members' individual preferences and their straightforward aggregation, play an important role in the final group choice (see Sect. 5).
• Implications of the performed observational study to the design of GRSs and the identification of aspects that should be considered when building such systems (Sect. 6).
During the initial data analysis, we encountered several challenges related to data measurements. We believe that these challenges can be better addressed in future work:
• How to aggregate different individual scores, e.g., personality traits, at the group level? • How to measure diversity among group members with respect to the different data dimensions? • How to distinguish satisfied from not so satisfied groups?
• How to match and compare individual preferences to the preferences of the group as a whole? • How to address ratings/ranking difference in different study implementations?
• How to relate participants' personalities to their preferences?
So far, we were mainly using the average of the individual scores when aggregating them at the group level (Delic et al. 2016b ). However, more diverse approaches should be applied and compared in future work. Different dimensions of the study procedure can be varied in order to grasp insights into the group dynamics in this particular context. In the following we present some of the variations and their potential implications:
• Duration and timing of the study In our implementations, we noticed different behaviors of the subjects when comparing the results of study conducted over the three weeks period with that conducted in one lecture session. In the first case students were not explicitly referring to their initial, individual preferences during the group discussion, but they were rather discussing their preferences in general. In the second case, students were comparing their initial preferences during the group discussion, therefore their final choice was usually based on these comparisons.
• Diversity of the ten predefined destinations (e.g., country side tourism vs. big city tourism; mountain destination vs. sea side destination; hot climate destination vs. cold climate destination): higher diversity could generate more conflicting preferences in groups and more intense discussions and decision processes.
• Nature of the ten predefined destinations In our study, the ten pre-selected destinations were all European capitals (except Amsterdam). Clearly, the participants were well informed about the destination set at hand. Therefore, the question is raised whether or not the usage of less known destination set and the participants' lack of knowledge would influence the decision-making process and if yes in which way.
• Group size The conducted data analysis showed differences in groups' satisfaction with respect to the group size-smaller groups tend to be more satisfied with the group choice than the larger groups, which is quite intuitive. Nevertheless, varying the group size in the study can provide insights on different aspects that should be considered.
• Group diversity We conjecture that controlling the diversity of the group with respect to the preferences as well as the personality could reveal novel and interesting characteristics of the group decision-making processes, and therefore, can lead to the design of better methods for supporting groups in action.
• Budget Including budget into the group discussion increases the complexity of the task for the participants and it also enables more realistic setting of the decision process in the context of traveling.
• Group decision task If the group were to choose a point of interest that they actually had to visit together right after the group discussion, then the group members might pursue their preferences and interests in a more natural manner and more persistently.
• Domain The same study could be carried out in a different domain, such as music, movies, restaurant, etc. In some cases it could be easier to introduce a more realistic setting to participants, but the discussion process, could evolve in a different way.
Finally, other types of analyses can be conducted making use of the rich information that has been collected so far (see Sect. 4), such as, (1) identifying sources of influence in the group decision-making process, (2) analyzing different approaches that groups employed in order to reach their final decisions and relating those approaches to the satisfaction of group members, (3) identifying characteristics of groups that could determine the best preferences aggregation strategy to be applied, etc. Clearly such analyses would provide great insights for the future designers of GRSs.
